Abstract: Most of grasshoppers in the family Oedipodidae are the famous agriculture pests in China. However monophyly and the relationships among the subfamilies within this family are unclear up to now. Here the phylogeny of the Oedipodidae was reconstructed based on 16S rDNA sequence fragments by using Mekongiella kingdoni and Atractomorpha sinensis as outgroups under weighted MP, NJ and Bayesian criteria. The 408 bp fragments of mitochondrial 16S rRNA gene were sequenced for 15 species from 4 subfamilies of the family Oedipodidae, and the homologous sequences of other 15 species of grasshoppers were downloaded from the GenBank data library. The numbers of transitions and transversions among pairwise comparisons of the 16S fragments were respectively plotted against percentage sequence differences. Saturation of transitions was discovered, and transversions were not saturated with the increase of percentage sequence difference in the plots. All the individuals of the Oedipodidae excluding Trilophidia annulata were gathered together in the three trees. Our results are very different from the traditionary taxonomy of the Oedipodidae including 4 subfamilies. The Bryodemellinae is not supported as a subfamily, and neither Locustinae nor Oedipodinae are supported as a monophyletic group in this study.
INTRODUCTION
The family Oedipodidae is one of the largest families in the super family Acridoidea, including 137 described species of 38 genera of 4 subfamilies in China. The Oedipodidae species are largely distributed in the Palaeoacrtic regionwith a few species distributed in the Oriental region [1, 2] . Historically Locusta migratoria manilensis of the Oedipodidae was a famous agriculture pest in China. Because the Oedipodidae is a larger group in the Acridoidea, and the phylogenetic study on them is crucial for understanding the phylogeny of Acridoidea, even to the Caelifera.
The taxonomic position of the Oedipodidae has been revised several times. It is usually recognised as a family of the Acridoidea by Chinese specialists [2, 3] , while classified as a subfamily by other specialists [4] [5] [6] [7] . Phylogenetic analysis did not support the monophyly of Catantopidae, Arcypterdae, Gomphoceridae and Acrididae in our previous study based on 18S rDNA [8] , but unfortunately it did not resolve the monophyly of the Oedipodidae.
In order to identify the monophyly of the Oedipodidae and to obtain a clear understanding of the relationships among the four subfamlies of the Oedipodidae, we utilized partial sequences of the mitochondrial 16S rDNA to reconstruct the phylogeny *Address correspondence to this author at the Jiangsu Key Laboratory for Biodiversity and Biotechnology, College of Life Sciences, Nanjing Normal University, No. 1 Wenyuan Road, Qixia District, Nanjing 210023, China; Tel/Fax: 86-25-86307256; E-mail: cnjgf1208@163.com of the Oedipodidae. The 16S rDNA is one of the most comprehensively studied genes in insects [9] , and generally considered well to effectively research organism divergences before 50 millions of years [10] . Fifteen species from the Oedipodidae were sequenced in this study. The 16S rDNA sequences of other fifteen grasshoppers were download from GenBank for comparisons, in which six species belongs to the Oedipodidae. In the thirty grasshoppers studied, Mekongiella kingdoni of the Chrotogonidae and Atractomorpha sinensis of the Pyrgormorphidae were chosen as the outgroups.
MATERIALS AND METHODS

Samples and DNA Extraction
The 15 species of grasshoppers used in this study were collected from China ( Table 1) . The individuals of alive grasshoppers were stored in absolute ethanol. The species was identified by using Xia's taxonomic system [11] . Total genomic DNA was extracted from legs of single grasshopper by using a simple proteinase K/SDS method.Tissue was ground and incubated in 0.02 M Tris HCl (pH 8), 0.01 M EDTA, 0.5% SDS, and 50 mg/mL of Proteinase K overnight at 50 .
This mixture was extracted with phenol/chloroform, and finally the DNA samples were precipitated with ethanol as described by [12] .
PCR Amplification
The primers, which were used for amplification in this study, were according to Simon et al. [13] . For the Products of successful PCR amplifications were purified using a GeneClean III kit (Anachem, USA), following the protocol in the manual. Purified product were sequenced by Shanghai United Gene Company (Shanghai, China). Both strands of the 16S rDNA sequences were sequenced for each sample.
Data Analysis
The 16S rDNA sequences of other 15 grasshoppers were download from GenBank for comparison, among them six species belongs to the Oedipodidae ( Table 2 ).
All sequences were aligned using Clustal X [14] with parameters set to default. Alignments were improved by comparison to secondary structures and regions of uncertain alignment were omitted from subsequent analyses. In order to examine our 16S rDNA sequences for saturation, we plotted the uncorrected pairwise genetic distance (p-distance) versus the absolute number oftransitions (TS) and absolute number of transversions (TV) among all taxa. Nucleotide variation and substitution patterns were examined using the software package MEGA6.0 [15] based on the Tamura-Nei model. We used three different types of phylogenetic analyses, neighbourjoining (NJ), maximum-parsimony (MP) and Bayesian inference. NJ and MP analyses were conducted using PAUP4.0b10 [16] , Bayesian inference was used MrBayes3_0b4 [17] . Trees saved below the burn-in generation were discarded from the set of saved trees, and a majority rule consensus of the remaining trees were calculated in Mrbayes3_0b4, providing posterior probabilities for clades.
Mekongiella kingdoni and Atractomorpha sinensis were chosen as the outgroups in our analyses. For the NJ analysis, we selected the Tamura-Nei model. Branch support was assessed for all topologies using 1000 bootstrap replications. For the parsimony analyses, we performed a heuristic search using random stepwise-addition of 10 replicates each and a branch-swapping algorithm of tree-bisectionreconnection (TBR) and ignoring the uninformative sites. For the data set we run parsimony analyses on all charters unweighted or differentially weighting transitions and transversions (TS/TV=4:5). We run MrBayes3_0b4 with the following specifications: The analysis was performed using the general timereversible model (GTR) including estimation of invariant sites with a gamma distribution (invgamma). Initial runs were conducted starting 400,000 generations starting with a random tree and employing 4 simultaneous MCMC chains was executed. Every 100th tree was saved into a file.
RESULTS
Description of Data
The sequences of the fifteen species studied by us have deposited in GenBank (accession numbers are showed in Table 1 ). The 16S rDNA data sets used for analyses contain 408 aligned sites, Of these sites, 135 were variable sites, 41 were parsimony informative. The average base composition are A: 32.5%, T: 35.7%, G: 12.4% and C: 19.5%, with the A+T contents higher than those of G+C.
Patterns of substitutions among the 30 grasshoppers are shown in Figure 1 . At or near the Table 3 ). The average value of TS/TV is 1.268, and TS is a little higher than TV. The average value of the sequence divergence is 0.090 after the correction of Tamura-nei model.
Phylogenetic Relationships
Three phylogenetic trees, weighted MP tree (wMP tree), Neighbor-Joining (NJ) tree and Bayesian tree (Figures 2-4) , were reconstructed. The structure of these phylogenetic trees are similar, and the grasshoppers of the Oedipodidae are clustered into one clade except Trilophidia annulata. The difference between wMP tree and NJ tree is mainly showed within the Clade I: Celes akitanus cluster with the grasshoppers of the subfamilies Bryodeminae and Bryodemellinae, and at the root of the wMP tree; Bayesian tree is different from the other two trees, as in the Bayesian tree Parapheurus alliaceus and Epacromius coerulies do not cluster with each other, and Trilophidia annulata is at the root ofthe tree.
DISCUSSION
Characteristics of 16S rDNA Sequence
The average base composition in this study are A: 32.5%, T: 35.7%, C: 12.4% and G: 19.5%, with A+T contents (68.2%) higer than these of C+G (31.9%), a pattern that has been seen repeatedly in the mtDNA of insects [7, 10, 18] . The number of transition is a little than those of transversion (TS/TV=1.268), which is different from the result of our previous study in the family Catantopidae (TS/TV=0.723) (unpublished). The grasshoppers of the Oedipodidae collapsed into one clade except T. annulata. However, in our previous study [8] , the species of the Catantopidae clustered with the species of other families alternately. To some extent, the results suggested that the species within the Catantopidae are more divergent than those within the Oedipodidae.
Monophyly of the Oedipodidae
According to the most taxonomic systems, the grasshoppers of the Oedipodidae are classified as a subfamily Oedipodinae of the family Acrididae [5, 6] , and it consistent with the Orthoptera Species File Online at internet [19] .
All the phylogenetic trees did not support the monophyly of the Oedipodidae, because T. annulata did not cluster with the rest grasshoppers analysed in this study. NJ tree and wMP tree suggested that the Oedipodidae is a polyphyly, while Bayesian tree suggested it is paraphyletic. All these relationships are well supported (pp 1.0 on the Figures 2-4) . Considering the previous study on the Acrididae based on 18S rDNA [8] , we therefore suggested that the grasshoppers of the Oedipodinae should be classified as one subfamily of the Acrididae, but the taxonomic positions of some species need further study.
The Taxonomic Positions of Bryodeminae and Bryodemellinae
The species of the geus Bryodemella has sometimes been treated as one of the genus Bryodema based on some morphological characters before Yin [3] . The distinguishable morphological characters in Bryodemella are, 1) Elytron with no intercalary vein in medial area; if some times with a weak one, then not serrated. 2) Dorso external carinae of hind femur finely serrated in terminal half, stridulated with thicken longitudinal veins of hindwing. The genus Bryodemella was further elevated to a new subfamily, i.e. Bryodemellinae, based on stridulatory apparatus of some gasshoppers in Yin [3] . The three phylogenetic trees in our study showed that the species of the Bryodeminae (Bryodema gansuensis, Bryodema luctuosum indum, Angaracris rhodopa) clustered with those of Bryodemellinae (Bryodemilla diamesum, Bryodemella xizangensis), which suggested that the two subfamilies were closely related; and the phylogentic analysis did not support the monophyly of the genera Bryodemella, Bryodema and Angaracris, and therefore further proved the invalidity of the subfamily Bryodemellinae.
Phylogenetic relationships within Oedipodidae
The family Oedipodidae is separated into four subfamilies based on some following morphological characters: dorsal carina of hind femur, and elytron with intercalary vein in medial area and main longitudinal veins of hindwing. The four subfamilies are Locustinae, Bryodemellinae, Bryodeminae and Oedipodinae [3] . But our results did not support the division of the four subfamilies. First, phylogenetic analyses did not support the basic status of the subfamily Bryodemellinae, wMP tree and Baysian trees showed that those species of Bryodemellinae and Bryodeminae firstly cluster with each other, then they cluster with Celes akitanus of the subfamily Oedipodinae, so the monophyly of the subfamily Bryodeminae is not supported in our study, and thus further study is necessary. Second, our phylogenetic analyses did not support the monophyly of the subfamilies Locustinae and Oedipodinae. The species of the Locustinae and some species of the Oedipodinae gathered with each other, the former clade is composed of Locusta migratory, Locusta migratoria manilensis, Gastrimargus marmoratus, Pternoscirta sauteri, Pternoscirta pulchripes; the latter is composed of Oedaleus decorus asiaticus, Oedipoda coerulescens. In addition, rest species of the Oedipodinae forms one clade.
C -banding karyotype and the nucleolar organizer region with silver impregnation have been analyzed to eight species of six genera of the Odipodidae [20] . Our results suggested these six generacan be divided into three groups based on their relationships resulting from our analyses. The genus Locusta is close related to Gastrimargus, together forming a group; there are close relationships among Epacromius, Aiolopus and Oedaleus; the genus Angaracris is divergent from the former two groups, independently forming a group. 
